SUMMARY Saliva was found to be a powerful and specific inhibitor of Neisseria gonorrhoeae. Although 28 other species of bacteria were tested, including Neisseria meningitidis, Neisseria pharyngis var flava, Neisseria lactamica, and Neisseria catarrhalis, we failed to find any others sensitive to saliva under similar conditions. The physical properties of the inhibitory substance indicated that it might be salivary ao-amylase. To test this hypothesis o-amylase was extracted from saliva and was shown to have a high antigonococcal activity. Hog pancreas oc-amylase also showed strong antigonococcal activity, thus the observations indicate that for the strains we tested oc-amylase is inhibitory to gonococci. This observation indicates that either the gonococcal outer cell wall contains some unique lipopolysaccharides or that the gonococcus is unusually dependent on the integrity of these moieties. Whichever speculation proves to be true it indicates a need for a careful study of the gonococcal cell wall.
Introduction
Gonococcal infection of the pharynx is becoming increasingly common. It is usually asymptomatic and may be resistant to normal treatment regimens, since results of tonsillar swabs remain positive after those from other sites have become negative (Wiesner, 1975) . Many clinicians believe that undiagnosed or resistant pharyngeal carriage presents an important residual pool of infection. In Denmark, Bro-J0rgensen and Jensen (1973) showed that in 10% of women with cervical gonorrhoea the organism could also be isolated from tonsillar swabs.
It has been known for many years that the gonococcus can infect the pharynx. However, until now, the effect of saliva on the organism has not been examined. Gordon (1916) tested the effect of sterile saliva on the meningococcus and found no inhibition of growth. Bibby et al. (1938) reported the action of saliva on 169 strains of bacteria but unfortunately did not include the gonococcus among these.
This study was first undertaken to examine the effects of saliva on Neisseria gonorrhoeae. The
Material and methods

SALIVA SPECIMENS
A total of 65 specimens of whole mouth unstimulated saliva was studied. Of these, 35 The solid medium used for N. gonorrhoeae was Difco GC base plus 2 % defined supplement (L-glutamine I 0g, dextrose 400 g, ferric nitrate 005 g, and cocarboxylase 0-02 mg per 100 ml distilled water). When the other bacteria studied failed to grow on the GC medium other suitable media were used. Thus, Haemophilus influenzae was tested on chocolate agar and Bacteroides species anaerobically on modified BM agar plus 5% lysed blood.
Inhibition of growth on solid medium was tested as follows. A well-plate technique was used with 4 mm wells cut in the solid medium in standard Petri dishes. Each well was filled with saliva, which was allowed to diffuse into the medium for four hours at 4°C, after which time any remaining saliva was removed with a Pasteur pipette. The Petri plates were then flooded with an inoculum of the test organism suspended in saline and containing approximately 107 organisms per ml and any excess was then removed. After incubation for 18 hours at 37°C in 10% CO2 with raised humidity the purity of growth was checked by Gram stain and the degree of growth inhibition was recorded.
The liquid medium used for the growth of N. gonorrhoeae was ANM (Hafiz and McEntegart, 1976) plus 2% defined supplement. In order to measure the inhibitory effect of saliva an initial 1/10 dilution of sterile saliva in ANM medium was made and doubling dilutions prepared in the same medium to a final dilution of 1/40 960. Each of these dilutions was inoculated with approximately 105 organisms in 0-1 ml of ANM.
Clostridia species were tested on reinforced clostridial medium (Oxoid Ltd, 1976 ) plus 10% saliva and incubated anaerobically.
All cultures were incubated for 18 hours at 37°C and purity of growth confirmed by culture and microscopy.
SURVIVAL OF N. GONORRHOEAE IN SALIVA
A heavy suspension of gonococci containing approximately 5 x 107 organisms/ml was prepared in ANM and divided into two 2-ml aliquots; to one, an equal volume of fresh sterile saliva was added and, to the other, an equal volume of saliva that had been heated to 90°C for five minutes. Both specimens were kept at 37°C and aliquots were taken from each at intervals for culture in ANM and for examination by phase contrast microscopy. The effect of saliva on the gonococcus was assayed before and after the following procedures.
Effect of heat
Aliquots of whole saliva were heated for five minutes at temperatures from 40°C to 100°C at 5°C intervals. The aliquots were also assayed for a-amylase activity (see below). Hog pancreas a-amylase and the purified salivary amylase were tested for antigonococcal activity by the well-plate technique.
FRACTIONATION OF ACTIVE ANTI-GONOCOCCAL COMPONENT OF SALIVA
Whole mouth saliva was concentrated fifteenfold and 4 ml applied to a Sephadex G-75 column (Pharmacia, Uppsala, Sweden), 40 cm x 2-0 cm, equilibrated with phosphate-buffered saline (0-15 mol/l, pH 7-2). The saliva was eluted with the same buffer and the eluate monitored for absorption at 280 nm with a LKB Uvicord II. Fractions were assayed by the techniques described above. Subsequently, hog pancreas a-amylase and purified salivary a-amylase were fractionated with the same apparatus.
Results
On solid media growth of all 13 strains of gonococci was inhibited by whole mouth saliva in a zone 16-20 mm in diameter round the well. Pure parotid saliva produced slightly greater inhibition. Different strains of gonococci showed variation in their ability to grow in the presence of different saliva concentrations in liquid media (Table) but no strains grew in media with a saliva concentration of 1/320 or greater. All strains isolated from the throats of patients were strongly inhibited by saliva. No preponderance of any particular Kellogg type was noticed at the edge of the zone of inhibition nor was there any apparent correlation between Kellogg types and inhibition of growth by saliva.
All other bacteria tested grew freely in the presence of saliva.
Saliva from all 65 individuals tested strongly inhibited the HKI strain of N. gonorrhoeae.
In survival tests gonococci were viable up to six hours after incubation with normal saliva and for up to 12 hours after incubation with heated saliva. No bacterial lysis was observed by phase contrast microscopy.
The inhibitory factor in saliva was destroyed by heating at 75°C for five minutes but not at 700C for the same length of time; loss of a-amylase activity occurred at the same temperature. Exposure to ultra-violet light for five minutes did not alter activity. The active factor was not dialysable but was precipitated when ammonium sulphate was added to a concentration of 40% saturation. From these observations it seemed possible that the active factor might be salivary amylase. Chromatography of whole saliva, hog pancreas a-amylase, and purified salivary a-amylase is illustrated in the Figure. There were two peaks of antigonococcal activity in whole saliva and one in the hog pancreas a-amylase and the purified salivary a-amylase. The whole saliva second peak of antigonococcal activity coincided with that of the salivary a-amylase while that of the hog pancreas a-amylase was of slightly higher molecular weight. All peaks of antigonococcal activity had strong a-amylase activity.
Purified salivary a-amylase and hog pancreas a-amylase both showed strong antigonococcal activity.
Discussion
From the observations we have reported we believe that salivary a-amylase is a powerful and selective inhibitor of N. gonorrhoeae. 
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